Using cetylpyridinium chloride (CPC) in glutaraldehyde as fixative, we observed sinuous fiber-like structures 300-500 nm long and 7-14 nm thick in the spaces between the collagen fibers ofrat incisor predentin.
Small granules and fibrils were also detected.
Electron-dense vesides were seen inside the odontoblast processes.
The plasma membrane was irregularly stained with material that adhered to its surface. In demineralized dentin, needle-like structures were seen at the periphery of globular structures which were not stained.
Introduction
Aldehyde fixation is known to cause the loss of 20-70% of glycosaminoglycans (GAG) (Thyberg et al., 1973; Engfeldt and Hjertquist, 1968; Szirmai, 1963 ley, 1980; Smalley and Embery, 1976,1980; Jones and Leaver, 1974;  cans. The specificity of staining was assessed on serial sections by selective dissociation ofglycosaminoglycan aggregates with 2 M calcium chloride and their digestion by bovine testicular hyaluronidase.
The glycosaminoglycans were probably combined with lipids, because treatment ofthe sections with a chloroform/methanol mixture removed the CPCinduced precipitates from both predentin and dentin.
(J Histochem Cytochem 38: [885] [886] [887] [888] [889] [890] [891] [892] [893] [894] 1990) KEY WORDS:
Glycosaminoglycans; Proteoglycans; Cetylpynidinium chloride; Predentin; Dentin; Odontoblasts. Scott, 1955) and has been applied to GAG histochemistry for both light and electron microscopy (Young et al., 1989; Malchiodi-Albedi et al., 1988; Engfeldt and Hjerpe, 1972; Shea, 1971; Pearse, 1968; Matukas et al., 1967; Conklin, 1963; Williams and Jackson, 1956 Sections were examined with a)eol bOB electron microscope operating at 80 kV.
Results
The general appearance of the odontoblasts, predentin, and dentin was very similar with the glutaraldehyde-paraformaldehyde fixative ( Figure  1 ) and the CPC-glutaraldehyde fixative ( Figure  2 ).
In the cell processes, the cytoskeletal proteins were well preserved.
Small round electron-lucent vesicles, either smooth or coated, were seen. Other vesicles had a moderately electron-dense content and CPC-glutaraldehyde fixation especially enhanced the electron density of elongated or oval vesicles. The electron-dense granules observed in these vesicles were either associated with a fiber-like ma-tenial ( Figure 3 )or the vesicles were filled with a homogeneous highly electron-dense material ( Figure  4 ).
The plasma membrane was inhomogeneously stained, depending on the plane of the section or on its heterogeneous composition. This was observed after both aldehyde fixation ( Figure  5 ) and CPC-aldehyde fixation ( Figures  6 and 7) . Microfilaments were seen to be aggregated on the inner surface of the membrane and in the cell bodies and processes. The membrane itselfwas densely stained when the sections were counterstained with uranyl acetate and lead citrate ( Figure  6 ), but the existence of proteoglycan-nich domains was more specifically revealed in the sections that were fixed with CPC-aldehyde and were stained first with Alcian blue and then with uranyl acetate and lead citrate, which enhanced the lessened electron density ( Figure  7 ). Adjacent areas were electron dense, were curved and were located in the spaces between the collagen fibers. They had lateral branches or forks at their ends. Between the collagen fibers, fibrils and granules 1.5 nm in diameter were also seen, but with reduced electron density ( Figure  6 ). The appearance of the CPC precipitates was similar in the proximal, central, and distal areas of the predentin.
When
Alcian blue was used to improve the contrast of glycosaminoglycans, the collagen fibers appeared as electron-lucent areas, the large aggregates were densely stained, and a heterogeneous ground substance was also seen to be electron dense, although to a lesser extent ( Figure  7 ).
The aggregates resisted treatment with acetic acid ( Figure  8 ), but were dissociated on sections treated with EDTA ( Figure  9 ), and also after treatment with 2 M CaCI2 ( Figure  10 ). Bovine testicular hyaluronidase digested these aggregates, leaving thin residual filaments remaining in the spaces between the collagen fibers ( Figure  1 1 ). Hyaluronidase also removed most of the electron-dense staining ofthe plasma membrane ( Figure  12 ). Only the small granules and filaments persisted. Treatment with a chloroform-methanol mixture greatly reduced the size and number ofaggregates precipitated by CPC ( Figure  13 ).
In the dentin, mineralization did not allow detection of the CPC-aldehyde fixation effects ( Figure  14 ). Staining of sections 
Discussion

Glycosaminoglycans in Predentin and Their Visualization
In biochemical studies, the presence ofglycosaminoglycans has been reported in the extracellular matrix of both predentin and dentin. (Young et al., 1989; Goldberg and Escaig, 1985; Thybeng et al., 1973; Engfeld and Hjertquist, 1968; Szirmai, 1963 Figure 6 . Same area as in Figure 5 , but after CPC-aldehyde fixation nd staining of the sections with uranyl acetate and lead citrate. Collagen fibers display moderate electron density (asterisk), whereas the long sinuous fibers resulting from GAG precipitation with CPC are densely stained (arrowheads). Electron-dense material is associated with the plasma membrane.
Original magnification x 135,000. Bar = 0.1 pm. Figure 7 . CPC-aldehyde fixation and Alcian blue staining, followed by uranyl acetate and lead citrate staining, gives more specific visualization of GAGs, although the overall staining pattern does not alter compared to that in Figure 6 . Collagen fibers appear as electron-lucent areas (asterisk). Spaces between the collagen fibers are filled with fibrils, granules, and also with GAGs precipitated by CPC fibers (arrowheads). Specifically stained domains are present along the plasma membrane.
Original magnification x 108,000. Bar = 0.1 pm.
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which is a lipid stain (Goldberg et al., 1983; Ledingham and Simpson, 1970 (Goldberg and Septier, 1986) and confirmed by the present data.
Glycosaminoglycans in Dentin
Although it is clear that glycosaminoglycans are present in dentin, the histochemical indications of their exact identity are less cvident. There is some biochemical and autoradiographic evidence that a group of proteoglycans different from the group found in predentin is secreted near or behind the mineralization front (Goldberg et al., 1987; Goldberg and Escaig, 1985; Linde, 1984a,b; Jontell and Linde, 1983; Maier et al., 1983; Dimuzio and Veis, 1978) . (Bonucci, 1984 (Bonucci, ,1987 . They were stained here by Alcian blue but disappeared from sections treated with calcium chloride or hyaluronidase, thus confirming that they contained GAGS. The fact that floating the sections over a chloroform-methanol mixture eliminated these crystal-bound proteins supports the view that they are also constituted by lipids. We previously showed that malachite green aldehyde was able to stain these crystal ghosts in dentin, and therefore they are phospholipids (Goldberg and Septier, 1985; Goldberg et al., 1987) . Consequently, they must be lipo-proteoglycan molecules. Bonucci (1984, 1987) came to the same conclusion after performing various comparative studies on mineralized tissues.
Heterogeneity of GAGs in Predentin and Dentin
In predentin we observed either large sinuous ribbons or thin granules and filaments in a ground substance that also interacted with Alcian blue using CPC-glutaraldehyde precipitation.
In dentin, crystal-bound structures were observed at the periphery of calcification nodules, but some material was also stained in the empty spaces between the collagen fibers. This material, which did not aggregate, was not completely removed by hyaluronidase treatment, unlike the CPC-precipitable aggregates located in predentin, along -. . . ,;
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iii Figure 20 . Treatment of CPC-aldehyde-fixed sections with a chloroform-methanol mixture also suppresses the characteristic needle-like structures in the dentin. Saunders 5, Bernfield M (1988): Cell surface proteoglycan binds mouse mammary epithelial cells to fibronectin and behaves as a receptor for interstitial matrix. ) Cell Biol 106:423
